Introduction. Obstructive sleep apnea syndrome (OSAS) is strongly associated with adverse cardiovascular outcomes, however the relation between OSAS severity and troponin T (TnT) remain unclear.
Introduction
Obstructive sleep apnea syndrome (OSAS) is a condition caused by episodes of breathing disorders in the form of short-term pauses in breathing during sleep. Apnea is defined as cessation of respiration for 10 seconds or more that results in a reduction of airflow to 90% below normal caused by limited airflow at the level of the pharynx associated with enhanced work of respiratory muscles. A sum of all apneas and hypopneas per one hour of sleep, i.e. the apnea-hypopnea index (AHI), is a key criterion for the diagnosis and classification of OSAS [1] . According to AHI values, OSAS is divided into mild, moderate and severe. Obstructive sleep apnea affects about 9-26% of the adult
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population and even 70% of individuals > 60 years of age [2, 3] . OSAS is considered one of the risk factors of such diseases as arterial hypertension, metabolic syndrome, heart failure or coronary disease [4] .
Cardiac troponins are specific markers mainly used to diagnose acute coronary syndromes. Their increases are observed in myocardial damage associated with ischemia, trauma or inflammation. Moreover, cardiac troponins increase during pulmonary and renal diseases, cerebral stroke or chronic circulatory failure. Even slight elevations in troponins are likely to be associated with subclinical myocardial damage [5] . The damage is directly proportional to their increase. Regardless the underlying reason of troponin T (TnT) elevation, its increase is considered strong and independent predictor of cardiac injury and worse prognosis [6] . Only a few studies have assessed relation between the troponin level and severity of sleep apnea and their findings are often inconsistent [7] .
The aim of the study was to assess the parameters affecting TnT levels in patients with OSAS.
Material and methods
An observational, cross-sectional study was undertaken. Its design was approved by the Bioethics Committee of the Medical University of Lublin; all the patients enrolled in the study gave their written informed consent for participation.
Patients
The study encompassed individuals referred to the sleep laboratory of the University Hospital in Lublin due to suspected breathing disorders during sleep.
The exclusion criteria were history of ischemic heart disease, prior myocardial infarction, chronic heart failure, chronic obstructive lung disease, chronic kidney diseases -stages III-V, acute and chronic liver damage, acute infections and PSG-detected breathing disorders other than OSAS. The control group included individuals subjected to PSG, which excluded sleep breathing disorders.
Polysomnography
Diagnosis and assessment of OSAS severity was based on non-supervised, overnight screening PSG performed with an adaptation night. SleepDoc Porti 6 and Porti 8 systems (Dr. Fenyves und Gut Deutschland GmbH) were used fulfilling the criteria of type III diagnostic devices according to the American Academy of Sleep Medicine (AASM). The following parameters were recorded and analyzed: the apnea-hypopnea index (AHI) defined as the number of apneas and hypopneas per one hour of examination, apnea index (AI) and hypopnea index (HI) reflecting the number of apneas and hypopneas per one hour of examination, respectively, respiratory distress time (RDT), i.e. total duration of apneas and hypopneas during the entire examination in minutes, respiratory distress time index (RDTI), i.e. duration of apneas and hypopneas over one hour of examination, mean and minimum saturation (SpO 2 ) during the examination, and time of hypoxia/hypoxemia (t90), defined as the percentage of examination time with saturation below 90%.
According to the AASM recommendations, the following criteria for OSAS diagnosis were accepted: AHI ≥ 15/h or AHI ≥ 5/h accompanied by typical clinical symptoms.
Three degrees of OSAS severity were distinguished: mild with AHI ≥ 5/h and < 15/h, with accompanying clinical symptoms, moderate with AHI ≥ 15/h and < 30/h and severe with AHI ≥ 30/h.
Biochemical measurements
The material for the study was the peripheral blood obtained from the ulnar vein. Blood samples were collected after an 8-12 hours overnight fast between 8:00 and 10:00 am into clot tubes in volumes of 7 ml. Troponin T concentrations were determined using an automated immunochemiluminescence analyzer.
Statistical analysis
STATISTICA 10 PL software (Statsoft Inc., USA) was used for statistical analysis of data. P < 0.05 was considered statistically significant. For descriptive statistics, the mean and standard deviation (SD) were used as a measure of dispersion. Normality of distribution was checked with the Shapiro-Wilk W test. The Student's t-test was applied to check the significance of differences for two independent samples (normal distribution) when homogeneity of variance was confirmed (the Levene's test). In cases of non-homogenous variance or variables of non-normal distribution, the Mann-Whitney U test was used. Intergroup differences in qualitative variables were analyzed using the χ 2 test. To compare the differences in dependent variables in more than two groups, univariate and multivariate ANOVA tests were applied. The Tukey's test was employed for detailed identification of statistically different groups. The strength and direction of correlations between two variables was examined using the Pearson linear correlation coefficient (for normal distribution of variables) or the Spearman rank correlation test (when the distribution was not normal).
Results
The control group consisted of 16 subjects without breathing disorders during sleep whereas the study group encompassed 72 patients with confirmed OSAS (including 31 with mild, 10 with moderate and 31 patients with severe OSAS). Demographic characteristics and basic clinical data of the control and study groups were listed in Table 1 ; biochemical findings were presented in Table 2 . One-way ANOVA demonstrated significant differences in TnT levels (p = 0.02). The Tukey's test for multiple comparisons revealed significant differences in TnT levels between patients with severe OSAS and controls (p = 0.02) as well as between patients with severe OSAS and mild OSAS (p = 0.04) (Fig. 1) .
Considering inter-subgroup differences in gender structure, bivariate ANOVA was applied; the results did not show any significant influence of gender on TnT concentration.
Statistically significant correlations were found between TnT concentration and AHI, AI, HI, RDT, RDTI, and minimum SpO 2 (Table 3) .
Discussion
OSAS adversely affects the functioning of the myocardium and leads to its remodeling. Higher degrees of OSAS severity have been demonstrated to be associated with increased morbidity and mortality due to cardiovascular diseases [8] . In OSAS, cardiomyocyte damage can be related to inadequate amounts of oxygen as well as activation of the sympathetic system and results in the development of tachycardia and oxidative stress. The cardiomyocytes exposed to such conditions are damaged releasing troponins [9] . The literature data regarding the relationship between TnT and OSAS are inconsistent. Gami et al. have demonstrated that the severity of OSAS is associated with higher levels of TnT, hence subclinical myocardial damage, which leads to myocardial failure [10] . According to Randy [11] , the severity of OSAS, measured with AHI, is correlated with increased TnT. However, multivariate analysis has not revealed the aforementioned correlation. In our study, multivariate analysis showed the influence of AHI and minimum nocturnal saturation on TnT levels. Likewise, the total time of apneas and hypopneas during the entire examination (RDT) was statistically significantly correlated with increased TnT levels. The above findings allow supposing that OSAS is one of the factors that can damage the myocardium. Interestingly, some study findings suggest that chronic hypoxia of cardiomyocytes is likely to lead to their degeneration and apoptosis; on the other hand, ischemic preconditioning of the myocardium is observed, which can reduce the extent and severity of infarction, thus have protective effects [12, 13] . The above phenomenon and its clinical implications have not been fully elucidated; therefore, further studies are required. Repeated episodes of nocturnal hypoxemia result in endothelial dysfunction and remodeling of vascular walls, thus can lead to the development of systemic and pulmonary hypertension [14] . Moreover, the degree of OSAS severity, defined by AHI, has been found to correlate with the condition of coronary endothelial vessels and to affect their decongestion [15] . Our study revealed that the degree of OSAS correlated with an increase in TnT. Higher levels of TnT were observed in the group with severe OSAS; in mild and moderate OSAS groups, the levels of TnT were lower. The above suggests that individuals with the most severe form of OSAS are at the highest risk of myocardial damage yet can also benefit most from appropriate treatment.
Our findings are comparable with those of other authors dealing with the issue in question [9, 10, 16] . Therefore, the earliest possible identification of patients with OSAS risk factors is essential as it enables early diagnosis and prompt initiation of CPAP therapy [17] . The information on a correlation between OSAS and elevated levels of troponins can be clinically important for differential diagnosis. Based on them, effective prophylaxis can be provided and the influence of OSAS on the heart monitored [18] . Furthermore, such data can help to decide about invasive or conservative management in patients with non-specific thoracic pain complaints.
Conclusions
The relationship between sleep apnea syndrome and the level of serum TnT confirms that OSAS predisposes to myocardial damage in a manner dependent on the severity of sleep apnea. The increase in troponin level is mainly associated with AHI and minimum nocturnal saturation. This suggests that early treatment of OSAS patients may protect against myocardial injury.
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